The condition of a watershed is vital to its provision of goods and services. Unfortunately, in the Philippines, a lot of watersheds are degraded due to various causes like deforestation and mining. Restoration of these areas has been initiated through reforestation, with limited information generated on the impact of such practice to the overall tree diversity in the area. As such, a study was conducted at La Mesa Watershed (LMW), situated near an urban area, to determine the impact of reforestation on tree diversity. Data were generated through a field inventory of trees following a stratified cluster sampling technique where the area was subdivided into three elevation classes (<100 masl, 100-150 masl and >150 masl) and a corresponding number of plots were established in each classes. Results showed a relatively high diversity of native trees with 70 species of the total 92. Fourteen species are found to be endemic to the country while 7 species are listed in either the IUCN or Philippine Red List.. The current vegetation in LMW shows a rare success story of reforestation efforts in the country implemented through private-public partnerships.
INTRODUCTION
Watersheds play an important role in a country's development as it provides valuable resources to society. An intact watershed can assure a regulated flow of water for power generation, and domestic and industrial use. Similarly, a wellmanaged watershed reduces flood and landslide hazards. In essence, a sustainably managed watershed can provide an array of on-site and off-site economic, social and environmental benefits (DOST et al. 1999) .
Unfortunately, a lot of watersheds in the Philippines have been degraded due to over extraction of timber resources, illegal logging, charcoal making, and mining, among others. Consequently, various environmental calamities like flooding during the rainy season, drought during summer months, reduced water supply for hydroelectric power generation, and landslide events have occurred, damaging infrastructures, taking lives, and hindering national development. These consequences support the idea that in a watershed, the cumulative effects of individual actions can devastate the quality of water resources and human activities (Gonenc et al. 2008) .
Recognizing the value of watersheds, the Philippine government and private organizations launched numerous reforestation efforts, with the aim of restoring forest vegetation and sustaining the environmental services the watershed provides. The reforestation of La Mesa Watershed (LWM), a watershed in an urban setting that supports the Philippine's national capital region, exemplifies this kind of initiative.
The La Mesa Watershed has experienced severe degradation in the 1960's and 1970's due to slash and burn activities. From 1978 From -1983 , the Manila Seedling Bank Foundation, Inc. (MSBFI) undertook reforestation of the area. However, when MSBFI left the site, illegal loggers exploited the area. In 1999, the "Bantay Kalikasan" (BK) of the ABS-CBN Foundation, Inc., signed an agreement with the Metropolitan Waterworks and Sewerage System (MWSS) giving the former authority to reforest and administer the area (Tiburan et al. 2012) . During these periods, Kaatoan bangkal (Neolamarckia cadamba (Roxb.) Bosser), Kupang (Parkia timoriana (DC) Merr.), and Big leaf mahogany (Swietenia macrophylla King), among others, have been planted in the area. To date, it is still managed and reforested by BK.
Reforestation of degraded watersheds can be viewed as an initial attempt to reestablish the environmental services provided by watersheds. The main goal could be the restoration of vegetation, which once dominated the site. It is imperative, therefore, to assess the success of forest restoration (DellaSala et al. 2003) as it is also indicative of the present and future conditions of watersheds. One of the indicators of this success is the level of biodiversity of tree species after reforestation. Currently, this information is lacking, especially for a watershed set in an urban environment that has been reforested periodically. The general objective of this research is to provide that information. In particular, it would like to determine the impact of the reforestation made during the 90's, on tree diversity particularly on forest succession leading to recruitment of native species in the area. The results of which, can be used in mapping out future activities (e.g. the need for active restoration) in order to ensure sustainable watershed services.
Description of the Study Area
The La Mesa Watershed (LMW) is located in the northern most part of Metro Manila where majority of the area is covered by Quezon City. It has a total area of about 2,659 ha including its reservoir which is approximately 365 ha (Figure 1) . The watershed is a government property titled to the Metropolitan Waterworks and Sewerage System (MWSS) that was initially commissioned in 1929. MWSS is the main agency that provides water supply to Metro Manila and other neighboring municipalities. However, when the Water Crisis Act was passed into law, private participation was implemented in the agency through a concession contract. The west zone of Metro Manila has been contracted to the Maynilad Water Services, Inc. while the east zone to the Manila Water Company, Inc. In 2007, LMW was proclaimed into a watershed reservation through Proclamation No. 1336 that primarily aims to protect and improve the water quality, quantity and security of the reservation. Under this law, the management of the area shall be under the joint administrative jurisdiction of MWSS and the Department of Environment and Natural Resources.
At present, however, LMW is still being managed by Bantay Kalikasan of the ABS-CBN Foundation, Inc. through a memorandum of agreement that was forged way back in 1999. Bantay Kalikasan or Nature Watch started on July 21, 1998 and was supported by multi-sector network of government agencies, private institutions and non-government organizations. Its main intention is to serve as a catalyst in addressing the concern over the worsening state of the Philippine environment characterized by air and water pollution, forest denudation, irresponsible waste disposal and their life threatening effects (www. bantaykalikasan.com). In terms of the topography in the area, LMW is characterized by a gently undulating terrain with elevations ranging from 46 to 256 masl and slopes below 25%. There are two major soil types in the area and these are the Novaliches and Marikina Series. The Novaliches series are reddish brown in color and its surface and subsoil are friable in consistency and granular in structure. The Marikina series, on the other hand, is a typical recent alluvial soil that occupies all of Marikina Valley from the municipality of Montalban to Pateros. The surface soil is medium or light brown in color and just below the surface soil is a horizon of very dark brown to dark gray in color. The presence of a dark-colored horizon in the subsoil is an indicative of good drainage.
Meanwhile, the climate condition of LMW belongs to Climate Type I of the Modified Coronas Classification of the Philippine Atmospheric, Geophysical and Astronomical Services Administration or PAGASA. This is described by two pronounced seasons -rainy season is from the month of May to December where it usually peaks during July until September. This is due mainly to tropical cyclones, monsoons, local thunderstorm and the inter-tropical converging zone. The mean annual rainfall at LMW from 1978 to 2007 is estimated around 2,514.60 mm while the average monthly minimum and maximum temperatures in the watershed are approximately around 22.920C and 32.140C, respectively.
Some portions of the area are still covered with natural vegetation with sparsely distributed primary and secondary growth vegetation. These consist mainly of kaatoang bangkal, mahogany, yemane (Gmelina arborea Roxb.), narra (Pterocarpus indicus Willd.), rain tree (Samanea saman (Jacq.) Merr.), santol (Sandoricum koetjape (Burm.f.) Merr.), benguet pine (Pinus kesiya Royle ex Gordon subsp. insularis (Endl.) DZ Li), mango (Mangifera indica L.), acacia (Acacia auriculiformis A Cunn. ex Benth.), bamboo (Bambusa sp.), molave (Vitex parviflora Juss.) and several non-commercial wood species as well. In addition, some species of grasses and shrubs also thrive in the area, which include cogon (Imperata cylindrica (L.) P. Beauv.), hagonoy (Chromolaena odorata (L.) King & H.E. Robins.), kamoteng kahoy (Manihot esculenta Crantz), carabao grass (Paspalum conjugatum P.J.Bergius), kudzu (Pueraria montana (Lour.) Merr.), and makahiya (Mimosa pudica L.), among others.
OBJECTIVES OF THE STUDY
The research study generally aimed to assess the current level of tree biodiversity in LMW after more than two decades of reforestation. In particular, it determined the effects of the reforestation on forest succession and recruitment of native species; and, the biodiversity value of the watershed by looking at the number of endemic and threatened species in the area.
METHODOLOGY Sampling Design and Inventory
The sampling design used in the study follows a combination of stratified and cluster sampling techniques. The Forest Inventory and Analysis (FIA) program of the US Forest Service used a similar method where it utilized satellite images for stratifying the initial phase of the forest inventory then an actual inventory using cluster sampling was employed in the second phase (Smith 2002) . In this study, however, the elevation range was used to stratify the area into different classes. Three elevation ranges were identified: <100 masl, 100-150 masl and >150 masl. From this stratification, the locations of the center plots for the cluster sampling were randomly identified in the watershed. Accessibility was also taken into consideration in the selection of these center plots. A total of 12 locations were selected for the cluster sampling (Figure 2 ). The number of representative samples for each elevation class is also proportionally distributed to the area of each class. Hence, there are 6 cluster samples for the <100 masl class, 4 cluster samples for the 100-150 masl range, and 2 cluster samples for the >150 masl class. Cluster sampling is highly suggested for estimating rare and clustered populations especially those that are difficult to estimate precisely using conventional sampling methods (Thompson 1991; Roesch 1993; Talvitie et al. 2006) . With the nature of LMW being a plantation forest, cluster sampling was considered as an appropriate design to capture the biodiversity of the area especially the recruitment of native tree species after reforestation. Each cluster was comprised of a center plot from where all other plots within the cluster were established. A total of five (5) sampling plots were laid out in each cardinal direction (north, south, east and west) with a 50-m interval between plots ( Figure  3 ). This means that in every cluster, a total of 21 sampling plots were established covering a total of 252 plots for the entire reservation (See Figure 2) . The size of the sampling plot was set to 10m x 10m and all timber species with a diameter at breast height (dbh) of ≥5 cm were measured and recorded.
Information gathered in the field were tabulated and analyzed to characterize floral composition within the study area. The relative density, relative dominance and relative frequency values for each species were determined to obtain their Importance Value (IV), which is the standard measurement in forest ecology to determine the rank relationships of species. Importance values were determined using the following formula: Density = number of individuals area sampled Relative Density = density for a species x 100 total density for all species Frequency = number of plots in which species occur total number of plots sampled
Relative Frequency = frequency value for a species x 100 total frequency for all species Dominance = basal area or volume for a species area sampled
Relative Dominance = dominance for a species x 100 total dominance for all species Importance Value = Relative Density + Relative Frequency + Relative Dominance
Endemism and ecological status of the different species were assessed to determine the ecological importance of the vegetation in the area. Species names followed the latest Angiosperm Phylogeny Group classification while the common names adapted that of Rojo (1998). 
RESULTS AND DISCUSSION
Stand Structure A total of 1,538 individuals belonging to 92 tree species were recorded to have a diameter of more than 5 cm. The average number of trees per plot is about 6 individuals or an average density of 0.06 tree/m 2 (6 trees for every 100 m 2 ). The computed density is higher than most of the natural forests (about .04-.05 tree/m 2 ) understandably because of the planted exotics in the area. The average diameter of all trees is only 15.64 cm. Only four (4) individuals recorded a diameter of more than 70 cm. All belong to the same species, Gmelina.
Based on the computed importance value (the summation of relative density, relative dominance and relative frequency values for each tree species), the five most important species (Table 1) are Gmelina (92.16), Acacia (30.36), Tibig (Ficus nota (Blanco) Merr.) (21.27), Big leaf mahogany (20.33), and Kaatoang bangkal (16.68). Except for Tibig, all species are planted exotics. Tibig, on the other hand, is a highly versatile pioneer species that grows in a wide range of elevation and temperature.
Species Diversity
Ninety-two (92) tree species belonging to 70 genera and 33 families were documented from the study area (see Table 1 ). Seventy (70) species are indigenous while 22 are introduced to the country. The genus Ficus (figs) has the most number of species with five, followed by Antidesma and Canarium with 3 each. In terms of Family, the most speciose are Fabaceae with 16 species, Moraceae (9), and Euphorbiaceae and Lamiaceae with 6 each. The geographical distribution of plant species has been very useful for assessing biodiversity values of regions, countries, and islands (Malabrigo 2013) . Species confined to a particular site should be given particular conservation management strategies, as they are more vulnerable to disturbance due to their narrow range. La Mesa Watershed, despite being a reforestation area dominated by plantation species is home to a number Philippine endemics (Table 2) . Of the 92 total species recorded, 14 are exclusive to the country for 15.22% endemism. The recorded endemism is significantly lower compared to the country endemism, reported to be 60% based on Merrill's Enumeration of Philippine Flowering Plants (1923 -1926 . This is understandable since the study area is a reforestation site. Apart from the endemic species recorded in the area, there are also seven (7) threatened species listed under either the Philippine Red List (Fernando et al. 2008) or the IUCN Red List of Threatened Species (2014.3) . Four (4) of which are exclusively found in the country (Table 3) . Noteworthy among the list is the critically endangered (CR), superior hardwood species, Narra. It should be noted that Narra could be found in almost every school and eco-parks in the Philippines. However, its population in the wild is extremely threatened. 
CONCLUSIONS
Results of the study show a rare success story of reforestation efforts in the country. In a short period of 12 years that Bantay Kalikasan took over in the reforestation efforts, La Mesa watershed was re-converted into a young secondary forest that is now homing at least 70 native species. Consequently, the improvement of the vegetation of the watershed, also improves the quality of goods and services it provides. More importantly, the current condition of the watershed is a testimony of success from a public-private partnership endeavor. This should be the best strategy to move forward given the enormous task of protecting and conserving the country's remaining forests with the very limited resources of the government.
